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.  The use of chiral [2.2]paracyclophane Schiff-base ligands has been shown to induce 
enantioselectivity in the copper catalyzed cyclopropanation of styrene with diazoesters. 1 
Previous research by Dr. Masterson tested Schiff-base ligands based on 4- 
amino[2.2]paracyclophane with moderate enantioselectivity. In this project, the Schiff-base N- 
salicylidene-4-amino[2.2]paracyclophane, was modified by way of Grignard addition to the 
imine carbon and its enantioselective properties were explored with the copper catalyzed 
cyclopropanation. The methyl Grignard addition to N- salicylidene-4-
amino[2.2]paracyclophane  was successful in producing the amino alcohol and the amino 
alcohol was characterized. The amino alcohol was produced from the R enantiomer of the 
Schiff-base and used as an asymmetric ligand in copper catalyzed cyclopropanation of styrene 
with ethyl diazoacetate (EDA). Using 1H-NMR integration, a cis:trans ratio of 1:2.4 was 
obtained. Examination of the HPLC peaks from the asymmetric cyclopropanation confirms the 
existence of an enantiomeric excess (%ee) and further purification will reveal the numerical 
value. The existence of a cis:trans ratio and %ee proves that the amino alcohol ligand was 
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Cyclophanes and their derivatives have been of great interest in many fields of chemistry 
due to their unique structure, and properties. Cyclophanes can play an important role in chemical 
reactions by means of catalysis, and various reactions such as synthesis of -amino acids and the 
preparation of parylene polymers.2,3 Cyclophanes are molecules consisting of an aromatic unit 
(usually benzene) and an aliphatic unit that can act as a bridge between multiple aromatic units. 
Classification of cyclophanes is made by a series of prefixes: [n]ortho, [n]meta, [n]para. The 
prefixes represent the position the aliphatic system is attached to on the aromatic system, and the 
[n] represents the number of methylene units in the aliphatic chain.4 There are types of 
cyclophanes with two aromatic units and aliphatic units that use the [2.2] prefix, and we will be 
focusing on [2.2]paracyclophane, shown in Figure 1. 
 
Figure 1: [2.2]paracyclophane 
 
[2.2]paracyclophane was discovered accidentally by Brown and Farthing, and since then, 
its uses have been plentiful, such as ligands in asymmetric synthesis, catalysis, and 
supramolecular chemistry.5 [2.2]paracyclophane features a pi stacking system, and the entire 
molecule conforms to different shapes to maximize stability, the two benzene moieties can be 









Figure 2: Representation of [2.2]paracyclophane 
[2.2]paracyclophane can be modified to attach functional groups to one or both of the 
benzene rings through electrophilic aromatic substitution. Introduction of various functional 
groups to the structure of [2.2]paracyclophane results in a wide array of different properties, 
including chirality.6 
Chirality refers to a molecule which is non-superimposable on its mirror image.6 
Chirality usually occurs when a carbon atom has four substituents attached tetrahedrally around 
the center atom (chiral center) which creates two nonsuperimposable arrangements 
(enantiomers). A single chiral center is not the only condition for a molecule to be chiral, 
chirality can also occur in molecules devoid of chiral centers, such as molecule with planar 
chirality. Molecules that possess planar chirality are molecules that have “chiral plane”, which is 
a plane that contains as many of the atoms of the molecule as possible, but the chirality is due to 
a ligand which is not in the plane. The chirality results from the arrangement of the ligand with 
respect to the chiral plane.6 In the example of substituted [2.2]paracyclophanes, all mono- 
substituted [2.2]paracyclophane and some di-substituted [2.2]paracyclophane derivatives exhibit 
chirality as a result of atropisomerism.1 The chiral plane is seen in the benzene ring containing 
the substitution. The substitution on one of the phenyl rings restricts rotation of the phenyl ring 
which causes chirality. Since the mono-substituted [2.2]paracyclophane derivatives exhibit 
chirality, they can be employed as ligands for catalysts in asymmetric reactions. Unsubstituted 




the molecule. In addition, [2.2]paracyclophane can be made chiral by relatively simple 











Figure 3: Chiral mono-substituted [2.2]paracyclophane 
 
Chiral catalysis is a type of catalysis in which a catalyst directs the formation of a 
compound that favors the formation of a single enantiomer. There is a high demand for chiral 
compounds in many industries, such as the pharmaceutical industry, agricultural industry, and 
for biological purposes.5 Many medicines and pharmaceutical drugs are chiral and are often 
single enantiomers, and in some cases, one enantiomer of a drug can be harmful or have 
different effects on a patient. An interesting example of chirality affecting drug effects is 
amphetamine and its use to treat Attention-deficit/hyperactivity disorder (ADHD). The 
amphetamine molecule has a single chiral center and each enantiomer is prescribed separately 
depending on the type of ADHD the patient is exhibiting; where the R enantiomer is prescribed 
to patients with poor attention and the S enantiomer is prescribed to more impulsive patients.8 
There are hundreds of other drugs like amphetamine that are chiral and exhibit different affects 
due to their chirality. So, being able to affect chirality in reactions is of high importance and has 




The advantage of chiral catalysis is that the products of the reaction are not racemic and 
can favor a certain stereochemistry.5 A racemic reaction will have a 50/50 mixture of each 
enantiomer, and if the objective is to obtain a single enantiomer, the yield of a single 
enantiomer is limited to a maximum of 50% if the reaction is racemic. Separating enantiomers 
can be a challenging and time-consuming process, and the ability to affect chirality during a 
reaction to favor a single enantiomer is heavily desired. The challenge of separating 
enantiomers stems from the fact that the two enantiomers of a chiral compound differ in that 
they rotate plane polarized light in opposite directions, other physical properties that could be 
used for separation are essentially identical. However, chiral HPLC is used to separate the 
enantiomers of a reaction mixture using a chiral stationary phase which has different affinities 
to each of the enantiomers and allows them to be separated. 
Our research aims to investigate the chiral catalytic properties using [2.2]paracyclophane 
derivatives as a ligand in metal promoted reactions such as the cyclopropanation of styrene. 
Since [2.2]paracyclophane is achiral, it was made chiral by direct nitration, the nitro group is 
was then reduced to produce 4-amino[2.2]paracyclophane which was then condensed with 
salicylaldehyde to produce the Schiff-base N-salicylidene-4amino[2.2]paracyclophane (4). 
 
Figure 4: N-salicylidene-4amino[2.2]paracyclophane (4) 







amino[2.2]paracyclophane into separate enantiomers, complexed them with 
copper and used them in various reactions to produce chiral compounds. The Schiff-base catalyst 
itself was moderately enantioselective for cyclopropanation with low catalyst loading. For 
cyclopropanation of styrene with 4 as the ligand and EDA as the diazoester, the cis/trans ratio was 
1:1.24, %ee trans was 27.4% and %ee cis was 12.7%.1 Since the Schiff-base showed promising 
enantioselectivity, interest was then given to modifying the Schiff-base with the hope of increasing 
enantioselectivity. Focus was given to modifying the Schiff-base by adding steric bulk to direct the 
incoming styrene substrate in the appropriate orientation to allow for high enantioselectivity. 
Modifications were first done by way of modifying salicylaldehyde and reacting it with 4-
amino[2.2]paracyclophane, in order to keep the synthetic pathway the same. A bulky 
salicylaldehyde moiety was produced by addition of tert-butyl groups and condensed with 4-
amino[2.2]paracyclophane, followed with chiral HPLC resolution to separate the enantiomers. 
 
Figure 5: Compound 12, produced by adding steric bulk 
Compound 12 shown in Figure 5 was complexed with copper and used in 
cyclopropanation of styrene and various other styrene derivatives. It showed improved 
enantioselectivity from 4 but showed significant substrate dependence relative to its unmodified 









resemble a C2 symmetric complex. This symmetry type for the [2.2]paracyclophane group showed 
good enantioselectivity without being substrate dependent.1 It was hypothesized that if the ethano 
bridges experienced enough steric crowding from an R group on the imine carbon, the cyclophane-
nitrogen bond would rotate enough to relieve the steric interactions and place the copper center in 














Figure 6: Modified Schiff-base by addition of methyl-group and rotation of C-N bond 
The reaction was modified by using 2-hydroxyacetophenone, which is the methyl ketone 
of salicylaldehyde. The reaction was successful based on 1H-NMR data and an attempt was 
made to resolve the racemic mixture using chiral HPLC. Unfortunately, the racemic mixture 
was not resolvable on the available semi-preparative column and was only resolvable on an 
available analytical column of different composition, which meant it could not be practically 
resolved. Instead the modified ligand was produced using purified (R)-4-
amino[2.2]paracyclophane as a precursor to produce the a chiral Schiff-base. The results of 
using the ligand in copper catalyzed cyclopropanation showed less substrate sensitivity in terms 
of enantioselectivity than the previously modified Schiff-base and unmodified Schiff-base, the 
only drawback is the ligand, in Figure 6, was not resolvable on a preparative scale using chiral 
HPLC. Adding a methyl group in place of an imine hydrogen showed improved results in terms 










The issues with the previous modifications, shown in Figure 6, is that the modified 
Schiff- base was not resolvable on a preparative scale. Examining the unmodified Schiff-base, it 
is apparent that the imine carbon is an electrophile and could be reacted with a nucleophile (R 
group) to produce a structure similar to Figure 6. The difference in this approach is that in the 
prior attempt the imine was not modified after it was produced and a different substrate was 
used to add the R group (2-hydroxyacetophenone). This reaction product is strikingly similar to 
the structure in Figure 6 and resolvable on chiral HPLC, and it can be resolved on a higher scale 
and tested in asymmetric cyclopropanation of styrene. 
Figure 7: Modified Schiff-base by nucleophilic addition of methyl group 
Grignard reagents were chosen to react with the Schiff-base to produce the desired 
modifications shown in Figure 7. The modified Schiff-base in Figure 7 was resolvable on a semi- 
preparative Chiralcel OJ-H chiral HPLC column. Research by Rachelle Speights verified that the 
product shown in Figure 7 could be prepared in moderate yields. My research involves 
synthesizing the Schiff-base, resolving the enantiomers, identifying their stereochemistry, 
modifying the Schiff-bases with Grignard reagents, and testing their enantioselectivity as ligands 












The first method used to generate N-salicylidene-4-amino[2.2]paracyclophane consisted 
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 Nitration of [2.2]paracyclophane 
Synthesis of 4 begins with nitration of [2.2]paracyclophane, nitrations were usually 
conducted on a 1 to 1.5 gram scale due to diminishing yields above 1 gram. Nitration reactions 
used cold dichloromethane as the solvent and cold nitric acid, the reaction mixture was also kept 
cold using an ice bath. The reaction mixture and reagents were kept below 5C as to prevent the 
formation of un-wanted byproducts. Upon addition of the nitric acid to the stirred 
[2.2]paracyclophane solution, a yellow color change was noted. The resulting yellow solid was 
dissolved in a minimal amount of solvent to recrystallize the wanted product. The identity of the 
isolated crystals was verified by 1H-NMR and compared to literature values.1 
 
Reduction of 4-nitro[2.2]paracyclophane 
 
Crystals of 2 were used to synthesize4-amino[2.2]paracyclophane (3). The reduction 
step involved using tin(II) chloride as a reducing agent and HCl as a proton source to reduce the 
nitro group on 2 to a primary amine. Upon completion of the reaction, an off-white color change 
was observed. Excess HCl was neutralized with NaOH until the pH of the reaction mixture was 
around 11, and the solid was washed over vacuum filtration to wash off any excess Tin(II) 
chloride. Compound 3 was used without further purification, although it was kept on vacuum to 
avoid oxidation of the amine group. The reaction was usually conducted on a 0.5 gram scale. 
The identity of the isolated product of 3 was verified by 1H-NMR and compared to literature 
values.1 
 





Synthesis of 4 was conducted using unpurified 3. The reaction was kept under an inert 
N2 atmosphere to prevent oxidation of imine, and the reaction mixture was heated to reflux with 




which reacts with the primary amine producing the imine, and methanol was used as the proton 
source and acid source. Upon completion of the reaction, a yellow color change was observed. 
The identity of the isolated product of 4 was verified by 1H-NMR and compared to literature 
values.1 
Pathway 2; An alternative pathway for formation of 3 
Production of 3 through the reduction of 2 had good yields but the formation of 2 deemed 
problematic due to difficulty producing a large amount of 2 without low yields of 20%. The 
maximum amount of 2 that could be made without diminishing returns was around 1 gram. The 
reaction mixture and all the reagents had to be kept under 5C, which was difficult due to the 
different reaction flasks. The [2.2]paracyclophane flask, and a flask for nitric acid had to be 
cooled in separate ice baths with a glass thermometer in each flask to monitor temperature. The 
drop-wise addition of the nitric acid took between 30-45 minutes on a 1 gram scale of 
[2.2]paracyclophane with an additional stirring of 30 minutes after the addition. An alternate 
pathway used by Waters et. al. was explored which improved the yield of the reaction and 
allowed larger scale reactions to form 3. Using pathway 2 illustrated in Figure 9, the amount of 3 
could be scaled up over 20 times the amount that are ultimately made with direct nitration. The 
alternate pathway utilized Friedel Crafts acylation to form a trifluoroketone which is then 
hydrolyzed by potassium hydroxide. The resulting carboxylic acid was reacted with thionyl 
chloride to produce an acid chloride which is then reacted with cold sodium azide to produce an 
acyl azide. The acyl azide can then undergo the Curtius rearrangement by stirring with toluene 
and heat to produce an isocyanate which is stirred with concentrated HCl to produce the amine 
salt.8 (the acyl azide was not reactive, I handled it normally like every other reagent) The amine 
salt was then stirred with a solution of dichloromethane and saturated sodium bicarbonate with 




values. The identity of the intermediate products were not characterized but they were compared 












CF3     1) KOH/H2O 








Figure 9: Alternate pathway for formation of 3 
 
Modification of Schiff-base by Grignard addition 
 
After preparation of an ample amount of 4, the next step was to generate the mono- 











Figure 10: Grignard addition to 4 reaction scheme 
 
The next step after an ample amount of 4 was prepared was to react the Schiff-base with 
Grignard reagents. The focus on my project was on the methyl-Grignard (methyl magnesium 




















when handling any Grignard reagents due to their dangerous reactivity to moisture. The N2 gas 
was dried by a drying column attached to the gas lines. The addition of the methyl group to the 
imine carbon produces another chiral center which results in a pair of diastereomers for the 
products. Using NMR integration values for the diastereomers, a ratio was calculated of the 
major and minor diastereometric products. The methyl Grignard addition had a diastereometric 
ratio of 8:1. 1H-NMR peaks used to make determination of the diastereometric ratio are shown 
in Figure 11. The major peak is the doublet corresponding to the methyl hydrogens on the major 
diastereomer and the minor peak is the doublet corresponding to the methyl hydrogens on the 
minor diastereomer. 
 
Figure 11: 1H-NMR peaks used to determine diastereometric ratio of 5 
 
We hypothesize that the Grignard reagent mostly attacks the imine carbon from the least 
sterically hindered side which is the bottom, and that the attack from the bottom creates the 
major product. The approach of the Grignard nucleophile from the bottom is the proposed 










the top. The proposed mechanism below illustrates the hypothesis that the major diastereomer 
results from Grignard attack from the bottom of the Schiff-base: 
 
 
Figure 12: Proposed mechanism for the major and minor diastereometric products 
 
Grignard additions reactions were prepared on a variety of scales. Low scale reactions 
used around 50 mg of 4 and higher scaled reactions used up to 500 mg. Additions of ethyl, and 
tert-butyl magnesium bromide also took place with mixed results. The tert-butyl Grignard 
reagent reaction was unsuccessful based on NMR data and not explored further. An 
explanation for why the tert-butyl Grignard failed to react with the Schiff-base could be due to 
steric interactions between the t-butyl group and the bulky [2.2]paracylophane moiety. 
 






Figure 13: Catalyst formation scheme 
 
The final step in the production of the catalyst is the addition of copper to 5. Compound 5 
was complexed with copper by stirring an appropriate amount of 5, which was 1 mol% relative 
to the styrene substrate, with an equivalence of copper(II) acetate in methanol. After addition of 
copper and stirring, a brown color change was noted. The complex was worked up and used 
without further purification in cyclopropanation of styrene. 





Figure 14: Cyclopropanation of 8 reaction scheme using ethyl diazoacetate (9) as the diazoester 
Cyclopropanation of styrene was used as a model reaction to gauge the effectiveness of 




conducted on a 1 gram scale of 8. Ethyl diazoacetate (EDA) was the diazoester used in the 
cyclopropanation and it was obtained from the Masterson lab. EDA (9) exhibits reactivity to air 
and light and readily decomposes when exposed to UV light, therefore the lights were dimmed 
when EDA was in use and reaction vessels were covered with aluminum foil to avoid light 
exposure. Styrene was used and prior to use, filtered through neutral alumina to remove the 
polymerization inhibitor. The reaction solvent was fresh, dry benzene. After dropwise addition 





The nitration step of pathway 1 illustrated in figure 8 was repeated multiple times to 
eventually produce a large amount of 5. Yields varied with upward yields of 70% and low yields 
of 20%. Low yields were attributed to a variety of causes, drop-wise addition of nitric acid kept 
yields higher and large additions of nitric acid resulted in a dark brown color change which was 
attributed to byproducts that lowered yield. If temperatures exceeded 5C, the dark brown color 
change was also observed and yields were lower, so utmost importance was given to keep the 
reaction vessel cold. 
Reduction 
Like the nitration step, the reduction step was repeated multiple times to generate large 
amounts of 5. Yields varied around 70% to 86%. The success of the reduction was verified using 
Nuclear Magnetic Resonance Spectroscopy (1H-NMR). The 1H-NMR peak is provided in Figure 
15. The peak at a chemical shift of 1.54 ppm corresponds to the presence of the amine group, 




NMR was not used to verify yields,  it was simply used to  verify  the success of the reaction.  we 
used dilute  samples of nmr not to waste any  product, the other peaks are water from chloroform-









Figure 15: 1H-NMR spectra of 3 
 
Formation of Schiff-base 
 
The condensation of salicylaldehyde with 3 to form the Schiff-base resulted in yields 
varying from 50% to 65%. The observance of a new singlet around 8.3 ppm in Figure 17 shows 
the formation of the Schiff-base. The peak represents the hydrogen attached to the imine carbon. 
HPLC was performed on a preparative scale to separate the enantiomers of the Schiff-base to 
eventually produce the chiral catalyst. Figure 17 shows the HPLC peaks from resolution of 
racemic 4 the first peak corresponds to the S enantiomer and the second peak corresponds to the 
R enantiomer. The configuration of the enantiomers was determined by optical rotation of the 






Figure 16: 1H-NMR spectra of 4 
 
 
Figure 17: HPLC peaks from separation of 4 
The peaks are saturated,  HPLC was used merely as a separation tool




Modification of Schiff-base by Grignard addition 
 
The yield for the Grignard addition to Schiff-bases varied between 22% to 88% with 
most additions being around 60% yield. Low yielding reactions can be attributed to the 
quenching process where some product was lost if saturated NH4Cl was added too quickly. 
Examination of the 1H-NMR of a methyl Grignard addition in Figures 18 and 19 shows the 
appearance of a pair of methyl doublets at a chemical shift of 1.63 and 1.50 ppm indicating 
a new chiral center was formed from the addition, creating diastereomers. Addition of 
Grignard was confirmed using Infrared Spectroscopy (IR) shown in Figure 20. The peaks at 
























Figure 19: Methyl Peaks of 5 showing the formation of diastereomers 
 
 








A racemic cyclopropanation was performed before the chiral cyclopropanation as a 
model to provide a comparison to the chiral cyclopropanation. 1H-NMR was used to verify the 
success of the reaction by examining the ethyl hydrogens and cyclopropane hydrogens that result 
from the addition. The quartets at 4.16 and 3.85 ppm corresponded to the methylene hydrogens 
in the ethyl groups of the diastereomers The peaks are shown below in Figure 21. HPLC was 
performed on the product in order to compare the results to the chiral cyclopropanation and 
calculate %ee unfortunately, the HPLC showed that the product needed to be purified before 



















Examination of the 1H-NMR spectra was used to verify the cyclopropanation and since 
the reaction produced a pair of diastereomers, a cis:trans ratio could be calculated from the 1H- 
NMR spectra. The NMR spectra was compared to cis and trans cyclopropanations of styrene 
obtained from a literature search on Scifinder.9,10 The quartets in Figure 25 correspond to the 
ethyl hydrogens formed from the cyclopropation when EDA reacts with styrene. The quartets 
were verified using the coupling constants and chemical shift from existing spectra, then 
integrated relative to each other to give the cis:trans ratio which was 1:2.4. The cis diastereomer 
was identified to be the quartet peak up-field since it is more shielded by the phenyl group on 
styrene. 9,10 HPLC was performed on the chiral cyclopropanation product and the peaks are 
shown in Figure 24 below. The HPLC revealed that the product of the chiral cyclopropanation 




needed to be purified further before a value was given for %ee. Examining Figure 25, it can be 
determined that the two pairs of peaks labeled with arrows correspond to cis 10 and trans 11 and 































It has been demonstrated that [2.2]paracyclophane can be modified and made chiral in 
good yield by common organic chemistry synthesis methods. Furthering research done by Dr. 
Douglas Masterson, 4 was modified by Grignard addition to produce 5, a modified ligand with 
addition of steric bulk to the imine carbon. It was shown that enantiometrically pure 5 was able 
to induce enantioselectivity as a ligand in the copper catalyzed cyclopropanation reaction 
between EDA and styrene. A cis:trans ratio of 1:2.4 was discovered from NMR integration data, 
%ee could not be found due impurities in the cyclopropanation products. Upon examination of 
the chiral HPLC in Figure 25, two pairs of similar peaks are seen, with one pair being larger than 
the other. These pairs correspond to the cis and trans diastereomers, and confirms that the 
product has enantiomeric excess. The cyclopropanation products will be purified in the future in 
order to determine the actual %ee. 4 could be also modified with different Grignard reagents 
producing similar ligands to 5 and comparing their enantioselectivity to 4. 
Experimental 
 
Percent yield of all products was calculated using the following formula: percent yield = 
actual yield/theoretical yield * 100. The percent yields were calculated based on molar values of 
the product and reactant. 
1
H-NMR and 13C-NMR spectra were recorded on a 400 MHz NMR 
spectrometer located on the fourth floor of TEC using chloroform-D as solvent. Benzene for 
cyclopropanations was distilled under N2 atmosphere from CaH2. Chiral HPLC was used to 
separate the enantiomers of Schiff-base (5), and to examine the cyclopropanation products. The 
HPLC used in the Masterson Lab was the PeakSimple Chromatography Data System HPLC and 
the column used was an OJ-H column. This system was used to determine retention times and to 






Figure 26: Lab Appliance HPLC 
 
Schiff-base reaction products and cyclopropanation products were resolved by first 
dissolving an appropriate amount in the HPLC solvent system which was a mixture of ninety 
percent HPLC-grade hexanes and ten-percent HPLC-grade 2-propanol. These samples were 
filtered using a syringe filter before resolution. The column used to resolve the Schiff-base and 
cyclopropanes was a chiralcel OJ-H column. The Schiff-base peak detection was set to 330nm 
with a flow rate of 3mL/min and a PSI of around 4000. The cyclopropanation peak detection was 
set to 234nm with a flow rate of 1mL/min. 
 
 
Nitration of [2.2]paracyclophane 
 
A 250 mL one-neck round-bottom flask with stir bar was charged with 1.04 g of 
[2.2]paracyclophane (1) (4.993 mmol), and 50 mL CH2Cl2 and stirred over an ice bath. A 
thermometer was inserted into the reaction mixture to ensure the reaction did not exceed 5C. 30 




change was observed. After stirring for 15 minutes to ensure completion, the reaction mixture 
was poured over an excess amount of ice water to quench the reaction. A liquid-liquid extraction 
was then done and the aqueous layer was washed three times with NaOH and twice with brine. 
The resulting organic layer was dried with MgSO4 and gravity filtered. Solvent was removed 
under reduced pressure and the resulting yellow-solid was dissolved into a minimal amount of 
acetone and left to recrystallize in the freezer overnight. A percent yield of 53% was obtained 
from this reaction.  
 
 
Reduction of 4-nitro[2.2]paracyclophane 
 
A 50 mL one-neck round-bottom flask with stir bar was charged with 0.344 g of 4- 
nitro[2.2]paracyclophane (2) (1.36 mmol) and 2 mL of concentrated HCl. 0.304 g SnCl22H2O 
(1.36 mmol) was added to the reaction mixture and left to stir for 2 hours. An off-white color 
change was observed. The resulting mixture was washed over vacuum filtration with deionized 
water and NaOH to neutralize the excess HCl and wash off any remaining Tin(II) chloride. A 
percent yield of 67% was obtained from this reaction. 
Formation of Schiff-base () N-salicylidene-4- amino 2.2 paracyclophane 
 
A 100 mL one-neck round bottom flask with star bar was charged with 1.81 g of 4- 
amino[2.2]paracyclophane (3) (8.11 mmol) 0.909 g of salicylaldehyde (8.11 mmol) and 50 mL 
of methanol. The reaction flask was fitted with a reflux condenser and heated to reflux solvent 
for 15 minutes, a yellow color change was observed. The reaction was cooled to room 
temperature and solvent was removed under reduced pressure. The resulting yellow solid was 
dissolved in a minimal amount of methanol and placed in a freezer overnight to recrystallize. 
Crystals were washed with cold methanol over vacuum filtration. A percent yield of 65% was 








Alternate Pathway for Formation of 3 
 
Synthesis of 3 through the alternate pathway shown in Figure 9 was performed as 
described by Waters et. al.11 
Modification of Schiff-base by Grignard addition 
 
A 100 mL one-neck round bottom flask with star bar was charged with 0.401 g of () N- 
salicylidene-4- amino 2.2 paracyclophane (4) (1.22 mmol) and 20 mL of fresh, dry THF. 
The reagent bottle of methyl magnesium bromide was clamped down and was flushed with an 
inert N2 atmosphere. A dry steel needle attached to a syringe was purged using the atmosphere in 
the Grignard reagent bottle three times. Flushing of the reagent needle ensured the atmosphere 
inside the needle was equilibrated to the Grignard bottle, avoiding any reactivity to air and water. 
2 mL of Methyl Magnesium Bromide was added drop-wise to the yellow reaction mixture via 
syringe. A dark-red color change was observed. The mixture was stirred for 2 hours then 
quenched with an excess of saturated NH4Cl. Quenching of the reaction mixture was conducted 
slowly as to prevent an overflow of methane gas which results from the quenching of the methyl 
Grignard. The reaction mixture was separated in a separation funnel and diethyl ether was used 
to wash the aqueous layer three times. The organic layer was then dried with MgSO4, filtered 
with a gravity filter, and concentration under reduced pressure to form a red-yellow solid. 1H- 
NMR (400 MHz CDCl3): δ 1.25 (3H, s), 1.50 (3H, d), 1.64 (3H, d), 4.32 (1H, q), 5.81 (1H, s), 
6.08 (1H, dd), 6.22 (1H, dd), 6.34 (1H, d), 6.44 (1H, dd), 6.56 (1H, dd), 7.10 (1H, d). 13C-NMR 
 
(400 MHz, CDCl3) δ 21.10, 29.74, 31.92, 34.90, 35.22, 35.27, 55.75, 76.75, 77.06, 77.38, 
 
117.13, 120.11, 122.09, 125.64, 127.23, 127.49, 128.13, 128.57, 128.93, 132.01, 132.93, 141.80, 
 









Copper catalyst formation 
 
A dried 25 mL single-neck round-bottom flask with a stir bar was charged with 0.067 g 
of 5 (.0195 mmol), 1 mL of methanol, and 0.018 g of copper(II) acetate (0.094 mmol). The 
copper(II) acetate was added with a small amount of methanol to ensure it was all added. The 
reaction was stirred for 2 hours, a brown color change was noted. Solvent was removed under 
reduced pressure, and the excess copper(II) acetate was precipitated with toluene, the toluene 
solution was filtered through celite and the excess toluene was removed under reduced pressure, 
producing an orange-brown oil. 
Cyclopropanation 
 
A dried 50 mL single neck round bottom flask with stir bar was charged with 1.00 g of 
styrene (8) (9.69 mmol), 10 mL of fresh dried benzene and 1 mol% copper catalyst (6). 
The copper catalyst was prepared by the steps above and used immediately without further 
purification. The cyclopropanation flask was fitted with a reflux condenser and kept under an 
inert N2 atmosphere. The reaction solution was heated to reflux the solvent, with stirring, and 
1.65 g of EDA (9) (14.4 mmol) was added dropwise over a five-hour period using a syringe 
pump and a stainless-steel transfer needle. After the addition of EDA, the reaction mixture was 
heated for an additional hour before the reaction mixture was cooled to room temperature. The 
reaction mixture was then filtered through a 6-inch neutral alumina column, using fresh dry 
benzene as the eluent to remove all traces of the catalyst. 
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